Abstract: The paper presents results of determination of temporal changes in water table depths in the toposequence of Retisols/ Luvisols and Phaeozems/Gleysols. Assessment of temporal trends in the water table depth was made with the use of the linear regression analysis. The results obtained indicate that the mean water table depth and mean high and low water table depths were deeper in the soil at the upper part of the slope in comparison with soil located at the footslope. A higher amplitude of water table was observed in Retisols than in Gleysols but the highest variability of water table level was noted in the soils at the footslope compared to those at the slope summit. In Retisols, with each month of observation from 1993 to 2012, the water table showed a tendency to increase. These trends were the highest from January to April, which may be related to the tendency of increasing monthly sums of precipitation in December, January and February. In the Gleysol at the footslope, in the period 1993-2012 and in the vegetation season, the water table depth showed a tendency to decrease. This trend may be due to the impact of water table on the soil water content at the root zone, which is used in the process of evapotranspiration.
INTRODUCTION
The water table depth is one of the most important indicators of environmental conditions. Hence, much effort has been devoted to the issues of temporal as well as spatial water level variability. Many authors have emphasized a relationship between groundwater level fluctuations and climatological parameters (Khan and Fenton 1994 , Almedeij and Al-Ruwaih 2006 , Morgan and Stolt 2006 , Jan et al. 2007 , Chen et al. 2002 and location of wells in the relief (Buol et al. 2011 , Hanna et al. 1983 , Simonson and Boersma 1972 , Zobeck and Ritchie 1984 . In forest soils that developed from sandy parent material in the Wielkopolska region a trend of decreasing water table was observed in the 2000-2010 period (Stasik et al. 2016) . In contrast, in the Kampinos National Park in the period 1999-2013, no significant trends in water table change were observed (Krogulec and Zab³ocki 2015) . The spatial and temporal variability of the water table depth is one of the most important features affecting plant cultivation, water management and protection as well as formation of water and soil resources. This issue is particularly important in terms of climate change and the associated forecasts of a general decrease in water table depths (IPCC 2014) . The decreasing water table can contribute to the changes in soil water regime (Komisarek and Koz³owski 2008) . According to Kêdziora (2008) , in Wielkopolska region these climatic changes are expressed mainly by an increase in air temperature, deficit of water vapor pressure, and increase in relative sunshine and wind speed. Therefore, a significant increase in evapotranspiration is the main reason for a lowering of lakes water level as well as water table depth in catchments.
In this study, a simple linear regression analysis was applied in order to characterize temporal trends in water table depth in arable soils typical of the Polish Lowlands. Identification of the relationships between the soil location (wells) on the slope and water table trends can be a good starting point for modelling and optimization of both balanced plant production and protection as well as the formation of water and soil resources.
The aim of this study was to determine trends of water table depth in Retisols developed in upper part of the slope and Gleysols formed on the footslope.
MATERIALS AND METHODS
The study was carried out in the cultivated catchment area of the Przybroda Experimental Station of Poznan University of Life Sciences located in the north-central part of the Poznañ Lakeland on within the Szamotuly Plain. This area is a part of the undulating ground moraine of the Poznañ Phase of Vistulian Glaciation. In this area, the Retisols/Luvisols and the MICHA£ KOZ£OWSKI*, JOLANTA KOMISAREK 168 MICHA£ KOZ£OWSKI, JOLANTA KOMISAREK Phaeozems/Gleysols form soil sequences along slopes. Soil sequences of this kind occur not only in the Poznañ Lakeland but also throughout the Polish Lowlands.
At the beginning of the study, the soil cover variability of the catchment area was determined (Marcinek et al. 1998) . Then, the locations of representative pedons (6 pedons) were selected (Fig. 1) . The pedons constituting the stationary sites of measurements were instrumented with wells constructed of 80 mm polyvinyl chloride (PCV) pipe. The wells were installed using a hand auger and sealed with a shield tube at the ground surface to prevent surface water infiltration and percolation along the side of the well. 
RESULTS AND DISCUSSION
The temporal changes in water table depth and precipitation in the investigated soils are presented in Fig. 2 . At the beginning of 1993, the water table in P1 well, located in upper part of the slope, reached the lowest depth (below 400 cm) noted throughout the period of measurements (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The lowest water table depths in 1993 were caused by low precipitation in 1992 (406 mm). Also at the end of 2004 and early 2005, the water table depths close to 400 cm below surface were observed. This suggests that the water table depth in a given year is determined not only by weather conditions in a given year, but also by the weather conditions in previous years, which is FIGURE 1. Location of investigated area and distribution of wells in the soil catena: S -summit, S2 -shoulder, T -pediment, A -footslope, Po -Eutric Albic Retisols, Po2 -Albic Luvisols, Pg -Gleyic Luvisols, Dt -Luvic Gleyic Phaozems, Dc -Cambic Gleyic Endocalcic Phaozems, Dw -Eutric Endocalcic Mollic Gleysols, Dm -Eutric Mollic Subaquatic Gleysols (Fig. 2, Fig. 3) . Chen et al. (2002) The data presented in Figure 2 clearly show that both the depth of the water table and its amplitude were determined by the position of soil in the relief. The mean water table depth (MWT), the mean high water table depth (MHGL) and the mean low water table depth (MLGL) were deeper in P1 soil in comparison to P6 soil (Table 1 ). The MWT in Retisols P1 well was 233 cm below surface level (b.s.l.), whereas in Gleysols P6 well the corresponding value was at the depth of 102 cm. The greatest water table fluctuations were observed in P1 well (from 76 to 400 cm) in comparison to P6 pedon (from 2 to 187 cm). This pattern is explained as being a result of lateral ground water flow from upper to lower parts of the slope. Simonson and Boersma (1972) have pointed out that water table amplitude and depth depend on the location of wells in the drainage soil sequence. Despite the greater amplitude of the water table in P1 well, the greatest variability of water table level was observed in P6 one. The value of the coefficient of variation in P1 was 22.6%, whereas it was 27.7% in P6. This pattern indicates that there is faster interaction between the precipitation events and the water table depth in Gleysols at the footslope compared to that for Retisols at the slope summit. Rapid interaction between the rainfall events and the water table depths have been observed by Morgan and Stolt (2006) . Figure 3 shows the temporal changes in the mean annual water table depth (Fig. 3B ) and annual sum of precipitation in the investigated soils (Fig. 3A) (Fig. 3B ). An attempt was made to approximate the changes in the mean annual water table depths by a linear relation. From the data presented in Fig. 3B , it is clear that over the 20 years the water table showed a tendency to increase (1.9 cm·year -1 ) in Retisol (profile P1) developed within the slope summit. This trend was statistically significant, at p (statistical significance) of 0.024. As the trend analysis shows, in the Gleysol (profile P6) at the footslope the water table was dropping by about 0.2 cm per year. However, this relationship was not statistically significant (p=0.649). Figure 3A illustrates the tendency of changes in the annual sum of precipitation in the period 1992-2012 and 1993-2012. In the first period this sum showed a slight tendency to increase (not statistically significant), whereas in the second period it revealed a slight tendency to decrease (not statistically significant). This indicates that in the analyzed twentyyear period, the sum of annual precipitation did not change significantly. Also Kêdziora (2008) did not observe significant changes in the sum of annual precipitation in 1951-2006 for Ko³o town and Poznañ city. Figure 4 shows temporal changes and trend lines of the mean monthly water table depth (Fig. 4B ) and the monthly sum of precipitation in the investigated soils (Fig. 4A) for the period 1993-2012. In Retisol (profile P1) for the period 1993-2012 for each month the water table tendency to increase was noted. This trend was the most pronounced in the months January to April (from -2.2 cm·year -1 to -3.6 cm·year -1 ), which may be related to the tendency of the monthly sum of precipitation to increase in December, January and February (Table 2 ). In the remaining months (May to December), for the period 1993-2012, there were also tendencies to increase the water table (from -0.8 cm·year -1 to -2.0 cm·year -1 ). The tendency for the rise the water table in P1 soil, even in the vegetation season may be due to the lack of interaction between the water table and the active depth of the vegetation's rhizosphere. According to Komisarek (2000) , there is still water outflow to the deeper parts of the soil profile when the spring drying up of the upper soil horizons begins, especially in soils located in upper part of slopes. In footslope Gleysol (profile P6), a decreasing water table depth tendency was observed in the vegetation season for the period 1993-2012. This trend may be due to the impact of water table on the soil water content of the root zone, which is used in the process of evapotranspiration. According to Kêdzio-ra (2008) , evapotranspiration is increasing year by year, which seems to have a significant impact on water table in Gleysols. In the remaining months (October to February), for the period 1993-2012, an increasing water table tendency was detected, which was most pronounced in January (-1.5 cm·year -1 This trend was the best marked from January to April, which may be related to the tendency for the monthly sum of precipitation to increase in December, January and February. 5. The water table depth revealed a tendency to decrease in the Gleysol at the footslope, in the period 1993-2012 in the vegetation season. This trend may be due to the impact of water table on the soil water content of the root zone, which is used in the process of evapotranspiration.
